The GIS technology is used in this study to analyze the water quality and determine the extent of pollution in Kuwait Bay using the collected data in 2014 during winter and summer months. The analysis included five water quality parameters namely ammonia, nitrate, phosphate, TOC and chlorophyll concentration. The IDW interpolation method proved to be helpful for better mapping of water quality. Seasonal variations in concentrations of all water quality parameters were observed in this study. Temperature plays an important role in such variations since the temperature of Kuwait bay reached an average value of 31.85ºC in July, while it reached an average of 14.22ºC in January. For both seasons, the bays' water is highly polluted according to KEPA standards, while summer months being more critical than winter months. The dissolved oxygen concentration in summer reached 4.0 mg/l while in winter is 6.8 mg/l. The used technique proved to be very illustrative in determining spatial distribution and mapping of water quality parameters.
INTRODUCTION
With the rapid economic and social development in recent decades, point source pollution to the marine environment from power plants, desalination plants, municipalities and industries adversely affects the marine water quality. Perhaps, the Arabian Gulf is the most affected marine environment in the Middle East, where almost all countries along the gulf shore discharge polluted effluents into the gulf waters. In this regard, the State of Kuwait discharges polluted effluents into the Kuwait Bay. Desalination plants along the bay extract large volumes of seawater and discharge hyper-saline brine back into the marine environment. It is stated that desalination plants have strong potential to detrimentally impact the environmental, physicochemical and ecological attributes of receiving marine environments (Miri and Chouikhi, 2005; Maugin and Corsin, 2005; Naser, 2015) . A comprehensive review of the impact of brine discharge in sea water was conducted by Roberts et al. (2010) who concluded that there is a widespread belief and recognition that desalination plants pose a potentially serious threat to marine ecosystems. In addition to brine water, the bay receives discharges from power plants, treated and partially-treated wastewater effluents, and storm waters.
Geospatial Technology is the technology related to the collection or processing of data that is associated with location. There are different types of Geospatial technologies such as:
Remote Sensing (RS), Geographic Information Systems (GIS) and Global Positioning System (GPS) Geographic information systems (GISs) are widely used in the fields of environmental science and related disciplines. GIS is a mapping, monitoring, measuring, management and modeling tool. Familiarity with this burgeoning technology may be a prerequisite for success in our efforts to sustain the environment. GIS is rapidly changing the ways that engineering planning, design, and management of water resources are conducted (Johnson, 2009 ).
Advances in data-collection technologies using microprocessor-based datacollection platforms and remote sensing provide new ways of characterizing the water environment and our built facilities. Spatial databases containing attribute data and imagery over time provide reliable and standardized archival and retrieval functions and they allow sharing of data across the Internet. GIS analysis functions and linked mathematical models provide extensive capabilities to examine alternative plans and designs. Map-oriented visualizations in color, three-dimensional, and animation formats help communicate complex information to a wide range of participants (Johnson, 2009 ). Therefore, this study used GIS to assess the impact of effluent discharge from outfalls into the Kuwait Bay to determine the changes in water quality parameters in the bay comparing winter and summer conditions in recent years.
STUDY AREA
Kuwait Bay (Fig. 1) is a semi-enclosed shallow water body extending approximately 35 km inland. It is an ellipsis-shaped bay at the northwestern edge of Kuwait's territorial waters and covers roughly 750 Km2 (AlGhadban, 2004) . The mean water depth of Kuwait Bay is 5 m, and the Al-Attar, Ikram, et al Vol.44, No.1, Dec. 2018 74 maximum depth reaches 20 m at the entrance to the Bay (Al-Yamani et al., 2004 ). Kuwait's marine environment is a unique ecosystem in Kuwait's territorial waters and is characterized by a variety of habitats and wildlife and that is clearly manifested in the northern part of Kuwait's waters. It is also considered as one of the most prominent features of Kuwait's marine environment. It is a highly productive ecosystem, which also provides various services including provisioning, regulatory, supporting and cultural services.
Kuwait's waters, particularly the Kuwait Bay, are rich in a diversity of species that had supplied about 40% to 50% of the country's food demand (Al-Yamani et al. (2004) . Based on textural characteristics of its sediments, Kuwait Bay is divided into two energy zones. The first one is a low-energy zone that includes most of the Bay, with primarily mud sediment. The second zone is a moderateenergy zone restricted to the southern offshore area with primarily sand and sandy deposits (Khalaf et al., 1982) . The maximum current speed was Besides that, the marine water monitoring system of Kuwait Environment Public Authority (KEPA) includes 13 floating stations throughout the territorial waters of Kuwait, only six of which are in Kuwait Bay and were used in this study in year 2014. These data collected from different sources were used to prepare the Geodatabase for all water quality parameters measured from January to December over the period 1996 to 2017.
The Geodatabase design classified into three steps as follows:
 Conceptual database design  Logical database design, it included entity types, data attributes and relationships between entities  Physical database design to create the internal database schema
The geodatabase consisted of the spatial data sets and the Attribute data sets (Fig.3) . The Geodatabase as obtained, were used to assess the impact of progressive discharge of polluted effluents. Water quality data included five parameters: Ammonia, Nitrate (NO3-), phosphates (PO4-3), Chlorophyll-a, and Total Organic Carbon (TOC) since the Outfalls were sampled for these parameters.These parameters are of three types bio-indicator (Chlorophyll-a), inorganic indicator (Ammonia, Nitrates and phosphates) and organic indicator Total organic carbon. The procedures to measure concentrations of these parameters are those specified by ROPME (1999).
Geospatial Technology:
In this study, the Geographic information system (GIS) was used to represent the spatial distribution of the marine parameters that associated with the discharge of outfalls and raster maps The results were stored as Raster files upon analysis. IDW is deterministic interpolation method because it is based on specific mathematical formula that determines the smoothness of resulting surface.
Geospatial analysis for five water quality parameters was applied for the assessment of outfalls discharge impact in Kuwait Bay.
RESULTS AND DISCUSSION
The spatial pattern of each water quality parameter studied is shown below for winter and summer seasons. It is to be noted that based on climatic conditions in Kuwait, there are two distinct seasons which are the winter Al-Attar, Ikram, et al Vol.44, No.1, Dec. 2018 80 which extends from October to January and summer which extends from May to September. The months of February to April are termed "spring" although temperatures in these months vary in a wide range between typical winter and summer temperatures. The variation in water temperature from January to December in Kuwait Bay is shown in Figure 4 . TOC concentration in Sulaibikhat Bay ranges from 10.07-27.88 mg/L during winter season (see Fig. 8 ). This is high knowing that the BOD/TOC ratio of domestic sewage is about 4, which shows that this is equivalent to Al-Attar, Ikram, et al Vol.44, No.1, Dec. 2018 86 about 50 mg/L of BOD. However, KEPA water quality criteria does not provide a specific value for TOC. During summer season TOC concentration in Sulaibikhat Bay ranges from 10.7-38.42 mg/L (see Fig. 9 ). This is high since it is on the average equivalent to a BOD of 70 mg/L. It is clear from the above discussion that concentrations of various pollutants were higher in the summer season than in the winter season, presumably due to high temperatures, decreased dissolved oxygen levels, and lower currents in the Bay waters during the summer season (Table 1) .
Dissolved oxygen levels during winter are shown is Table 2 (See Fig 9) . The stress zones of Kuwait bay are shown in figure 11. 
The following is a list of recommendations can be made after this study:
Recommended further studies 1) Both the discharged effluents and the water body must be monitored for organic matter levels.
2) A further study using hydrodynamic model and water quality model can simulate the outfalls to find the carrying capacity of Kuwait Bay.
3) A further study for Sulaibikhat bay is recommended to determine its carrying capacity since it has other types of outlets such as desalination and storm water outlets on a semi-closed sea. 
